A bstract
Introduction

Evaluation of Management Information Systems (MIS) is an integral
part of the management control process. It was highlighted in the SHARE study [8] recommendations for improving MIS management and making the value of an information system evident to the enterprise. MIS effectiveness, defined by the accomplishment of objectives, is of concern, not only to the management function, but also to user, developer, and internal audit personnel involved in MIS implementation. Yet, few organizations have an organized process for evaluating MIS effectiveness.
The purpose of this article, the first of two parts to be published consecutively, is to provide an overview of approaches for evaluating MIS effectiveness. The definition of system effectiveness is first considered and assessments of system effectiveness are discussed in terms of a conceptual hierarchy of system objectives. The conceptual hierarchy is used to discuss problems in, and recommendations for, assessing system effectiveness.
Applications of the conceptual hierarchy are illustrated for evaluating a manufacturing MIS and for comparing MIS evaluation approaches.
Evaluating MIS Effectiveness
would be to compare actual costs and benefits to budgeted costs and benefits.
2. I.n the system-resource view, system effectiveness is determined by attainment of a normative state, e.g., standards for "good" practices. Effectiveness is conceptualized in terms of resource viability rather than in terms of specific task objectives. For example, system effectiveness in terms of human resources might be indicated by the nature of communication and conflict between MIS and user personnel, user participation in system development, or user job satisfaction. In terms of technological resources, system effectiveness might be indicated by the quality of the system or service levels. The system resource model recognizes that systems fulfill other functions and have other consequences besides accomplishment of official objectives, and that these need to be considered in assessing system effectiveness.
In assessing system effectiveness, the evaluation approach would depend in part on which of these two views are considered. In practice, the two views should converge. In order to explain the success, or lack of success, in meeting objectives, the systems resources need to be investigated.
The distinction between the two views is similar to the distinction drawn between "summative" and "formative" evaluation approaches in the evaluation research literature [28] . Summative evaluation determines whether the system has accomplished objectives. Formative evaluation assesses the quality of the system and related support. The distinction between summative and formative evaluation approaches is analogous to the evaluation of ends versus means, or outcomes versus process. Formative evaluation approaches provide information throughout the implementation process to help improve the means, or process, to accomplish objectives and aid interpretation of summative evaluation results. Summative evaluation approaches provide information on the system outcomes, or ends, to support decisions to continue, adopt, or terminate the system. Both formative and summative evaluation approaches are typically used in providing evaluative information on system effectiveness.
Evaluating System Effectiveness
Evaluation of system effectiveness will be discussed in terms of objectives typically considered in implementing an MIS. A conceptual hierarchy of objectives is proposed and used to compare MIS evaluation approaches. To illustrate use of the conceptual hierarchy, the objectives and performance measures that might be used to evaluate the effectiveness of an MRP system are characterized.
A conceptual hierarchy of system objectives
System objectives broadly define the goals of the MIS and embody the hierarchy of objectives for the organization, running the gamut from a single strategic statement which is quite conceptual, to detailed operational goals for the individual MIS development project [20] . Typically, the requirements definition or design specification for the information system is an operational description of the system objectives and constitutes a reference point for MIS development and operations personnel. A conceptual hierarchy of objectives is depicted in Figure 1 . Similar conceptual hierarchies have been proposed by Greenberg, et al. [12] , Kriebel, et al. [16] , and Ginzberg [11 ] .
One of the primary objectives of the MIS function is to develop and operate/maintain information systems that will enhance the organization's ability to accomplish its objectives. Accomplishment of this objective can be evaluated from two perspectives for a specific information system: 1. The efficiency with which the MIS development and operations processes utilize assigned resources (staff, machines, materials, money) provide the information system to the user.
2. The effectiveness of the users, or the users' organizational unit, using the information system in accomplishing their organizational mission.
The efficiency-oriented perspective is reflected in the left-hand side of Figure 1 for the MIS development and operations processes. The MIS Evaluating MIS Effectiveness development process, by the selection and application of organizational resources, yields the information system which is then supported by the MIS operations process. Objectives for the MIS development and operations processes might be stated at four levels:
Level O: The requirements definition for the information system.
Level 1: The resource consumption necessary to provide the information system.
Level 2: The production capability or capacity of the resources.
Level 3: The level of investment in resources.
The effectiveness-oriented perspective is reflected in the right side of Figure 1 . The information provided by, and the support provided for, the information system influence user decision making processes and user organizational performance, which in turn affect organizational performance and possibly the external environment. System effectiveness might be assessed at three levels of objectives:
Level 1 : The information provided by the information system, and the support provided by the MIS function to the users of the system.
Level 2: The use of the information system and the effect on user organizational processes and performance.
Level 3: The effect of the information system on organizational performance.
System effectiveness is ideally assessed in terms of the information system's contributions to accomplishment of organizational objectives, L e., its effect on organizational performance (Level 3). 2 For example, organizational objectives and 2Organizational performance objectives may include considerations of effects on the external environment. For example, manufacturers typically include product safety (e.g., consumer injuries from automobile defects) within organizational performance objectives, and even employ information systems to track current owners and safety records.
performance measures might be expressed in sales revenues, customer satisfaction, and profit contributions. These effects do not follow directly and immediately, but rather result from use of the information system and changes in organizational processes. System objectives in terms of the use process and user organization performance (Level 2) reflect system effects on these organizational processes, including changes in decision makers, changes in the decision making process, and changes in user organizational performance. However, system objectives are typically stated in terms of the requirements definition which specifies the information to be provided by the information system (Level 1). These objectives, such as improved information timeliness, content, or form, affect organizational performance only through the use process (Level 2). 
An example for a manufacturing MIS
A manufacturing MIS is used to illustrate an application of the conceptual hierarchy of system objectives and corresponding performance measures. Few firms have effective measures for determining how well the manufacturing function performs. Since the Manufacturing Resource Planning (MRP) system provides substantial support to manufacturing managers in labor and materials management, examples will be drawn for an MRP system. 3
An MRP system consists of several subsystems, including bill of materials, routings, costing, [3] . The MRP system primarily serves users in the manufacturing area, but also supports decision makers in marketing, finance, and other functional groups.
Examples of objectives of an MRP system and corresponding performance measures are presented in Figure 4 . The effectivenessoriented objectives for the system reflect the primary users' concerns, e.g., improved user awareness through education, improved data accuracy, improved inventory control and production scheduling, improved coordination between functional groups, and improved customer satisfaction. A fundamental requirement for evolutionary implementation of an MRP system, and for accomplishing Level 2 and Level 3 objectives, is an ongoing, continually updated program of user education, to increase user understanding and awareness. The efficiencyoriented measures listed in Figure 4 reflect concern.s of the MIS function, e.g., improved MIS schedule completion, MIS capacity, and awareness of MIS personnel.
Problems in evaluating system effectiveness
Evaluating system effectiveness in meaningful terms has been one of the most difficult aspects of the MIS implementation process. The problems encountered in evaluating system effectiveness can be briefly summarized.
Objectives
and measures of accomplishments are often inadequately defined initially.
and measures of accomplishments are often not defined adequately at the outset of an MIS implementation effort [1 5] . The initial specification of objectives concerning the requirements definition for (Level O) and information provided by (Level 1) the information system is often incomplete [7] . Measures for objectives concerning user performance Evaluating MIS Effectiveness (Level 2) and organizational performance (Level 3) are typically not quantified, especially for mandated development projects [11] . Furthermore, the stated or manifest objectives frequently do not represent the real objectives since underlying aims of involved personnel go unstated [1 ] .
Efficiency-oriented and easily quantified objectives and measures are typically employed.
Efficiency-oriented and easily quantified objectives and measures are typically employed while effectiveness-oriented and qualitative objectives and measures are ignored. This stems from a focus on resource consumption objectives and the MIS design specification, and the pressures of project justification to focus on tangible quantitative costs and benefits. Intangible, qualitative impacts of the information system tend to be ignored except when quantifiable benefits are insufficient to justify system development [11] . In many cases, measures of intangible, qualitative effects of systems are not available.
Objectives and measures used to
evaluate the system are not the same as those defined initially.
The dynamic nature of the MIS implementation process suggests that evolutionary changes in objectives will occur because of learning by users and MIS development personnel and changes in the environment. Evolving user needs greatly influence requirements for maintenance [18] . As mentioned earlier, the initial lack of mutually agreed upon objectives and measures also implies that those used to evaluate the system will be different.
Individual perceptions may differ on
what the objectives and measures are. In summary, realistic mutual agreement concerning the definition of appropriate objectives and measures of accomplishment is typically not reached at the outset by relevant parties. This makes evaluation of system effectiveness difficult.
When realistic mutual agreement among the participants is not initially
Recommendations for evaluating system effectiveness
Several recommendations are offered to improve the ability to evaluate system effectiveness.
Define and/or derive appropriate system objectives and measures.
Before undertaking system development, definition of system objectives and measures is necessary. For reasons stated earlier, however, the initial "official" or "documented" statement of objectives may be inadequate for evaluating system effectiveness. It may be necessary to derive system objectives and appropriate measures by using the "operative" objectives which are reflected in the tasks and activities performed within the using organization [4] .
These organizational processes, or tasks and activities performed in the using organization, represent an intermediate level of system effect (Level 2 objectives). Since the ultimate effects of an MIS on organizational performance may require a long time to be realized and may not be direct and immediate, and since the value of information is only realized in its use, a
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focus on definition of Level 2 objectives and measures is recommended.
Surrogate measures of the utility of the MIS in supporting organizational processes have been recommended for assessing system effectiveness, including user satisfaction [25, 30] , information satisfaction [6] , and system utilitization [19] .
Enlarge the range of performance being evaluated,
The intangible qualitative effects of information systems on organizational processes (Level 2 objectives) and organizational performance (Level objectives) are often more significant for assessing system effectiveness. Since objectives and measures are typically efficiency-oriented and easily quantified, a need exists to enlarge the range of performance being evaluated to include Level 2 effectivenessoriented objectives.
Recognize the dynamic nature of the MIS implementation process.
The implementation of an MIS is viewed as a planned organizational change which will modify a user's work system to improve its functioning. This view explicitly emphasizes the importance of considering effects of technical change on the user organizational processes and the dynamic nature of MIS implementation. System effectiveness is explicitly conceptualized in terms of the achievement of objectives and the "institutionalization of change," e.g., ongoing user training, use of MIS services, and MIS support.
Account for differing evaluator viewpoints.
The establishment of realistic mutually agreed upon objectives and measures at the outset of system development is prescribed. Differing viewpoints need to be considered not only in initially establishing these objectives and measures, but also in assessing system effectiveness. The literature generally emphasizes the importance of the primary user viewpoint [19] , but as Langefores [17] noted, "it is not enough that primary users are highly satisfied, since other relevant people may think that more important information should have been used" in evaluating system effectiveness.
Comparison of Evaluation Approaches
Several MIS evaluation approaches currently employed to assess system effectiveness can be compared by mapping them into the conceptual hierarchy. While many different approaches have been suggested [5] , a survey of current practices indicates the following approaches are frequently employed in MIS organizations [14] . The scope of each evaluation approach is depicted in Figure  5 in terms of the objectives being evaluated and summarized below.
Quality Assurance Review
Quality assurance reviews, or technical reviews, focus on assessing the information system's technical quality, e.g., comparison to standards and operations acceptance procedures. Technical reviews are performed by MIS development/operations personnel or a separate quality assurance group within the MIS function.
Compliance Audits
Compliance audits or application control reviews focus on assessing the adequacy and completeness of controls for system inputs, ouputs, processing, security, and access. Compliance audits are typically performed by an autonomous internal audit function.
Budget Performance Review
Evaluations of MIS budget performance focus on compliance with a 64 MIS Quarterly~September 1981 predetermined budget expenditure level for the MIS development or operations process. Evaluations of user budget performance focus on MIS resource consumption by the user. Both may be supported by a chargeback mechanism.
MIS Personnel Productivity Measurement
The production capability of MIS personnel is typically assessed in terms of productivity. Examples of productivity measures include lines of code per unit time for programmer (development) personnel and keystrokes per unit time for data entry (operations) personnel.
Computer Performance Evaluation
The production capability of the computer hardware is typically assessed in terms of performance efficiencies and bottlenecks that limit production. For example, computer performance evaluation measurements are made on percent uptime, actual throughput, and I-O channel utilization.
Service Level Monitoring
Service level monitoring focuses on assessing the information and support provided to the user based on the terms established between MIS and user personnel. Assessments of the information provided include turnaround times, response times, and error rates. Assessments of the support provided include the time required to respond to user problems and requests for changes.
User Attitude Survey
User attitude surveys, through questionnaires and/or interviews, focus on assessing the user's perceptions of the information and support provided by the MIS function. User attitude surveys typically assess such aspects as the quality of reports, timeliness, quality of service, and MIS-user communication. 
Means to Measure Accomplishment of Objectives
Figure 5. Comparison of Evaluation Approaches
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Post Installation Review
The focus of a Post Installation Review (PIR) is often on assessing whether the system meets the requirements definition, Le., "does the system do what it is designed to do?" However, the scope of the PIn may include a post hoc review of the development and operations processes, an assessment of the information and support provided, an analysis of the actual use process, and cost/benefit analysis of the system effects on user performance.
Cost/Benefit Analysis
Cost/Benefit analysis quantifies the system's effect on organizational performance in terms of dollars, e.g., direct cost savings, tangible financial benefits. Cost/benefit analysis is often used in capital budgeting to assess the return on investment.
Evaluation approaches were previously categorized as being either summative or formative, and the two approaches can be compared using the conceptual hierarchy. Summative evaluation determines whether the system has achieved desired "outcomes" or "end result" objectives and focuses on assessing the accomplishment of Level 2 and Level 3 effectiveness-oriented objectives. Formative evaluation assesses the development "process" or "means" undertaken to accomplish objectives and focuses on efficiency-oriented objectives and Level 1 effectiveness-oriented objectives. Meals [21 ] , O'Brien [24] , and Varanelli [33] discuss the summative and formative approaches to information system evaluation.
The MIS evaluation approaches provide different means to measure accomplishment of system objectives. The means for measuring system effectiveness can be characterized as subjective or objective. Price notes that measurement of organizational effects can be based on subjective data, (e.g., perceptions of individuals) objective data (e.g., observable behavior) [26] .
Utilizing the distinction between (1) summative and formative evaluation approaches, and (2) objective and subjective measures, various MIS evaluation approaches can be generally classified as shown in Figure 6 . When observable behaviors are evaluated, the approach is categorized as an objective means to assess accomplishment of objectives. The user attitude survey is a formal approach to quantify subjective perceptions of system effectiveness. Informal approaches to obtaining perception of system effectiveness include the day-to-day communication with users through (1) personal face-to-face discussions, (2) telephone calls, (3) group or committee meetings, and (4) written report letters or memos, including system change requests.
When tangible benefits are difficult to measure for cost/benefit analysis, summative MIS evaluation approaches often focus on objective measures of the use process, e.g., on changes to the decision process. Information economics provides one technique to quantify the utility associated with system use [24] , and utilization has also been suggested to measure changes in the decision process [32] . Rather than directly measuring system benefits, the users' perception of system benefits has been advocated for summative evaluation [10, 15] . The user perception of system adequacy obtained in user attitude surveys has also been advocated as a formative and a summative evaluation approach. In most of the formative evaluation approaches, expert judgments are employed, e.g., in quality assurance reviews, compliance audits, and post installation reviews.
Conclusion
Discussions of information system effectiveness or system success, and the studies attempting to measure this construct, frequently focus on the question of what performance measure to use. Authorities in the field have advocated, or condemned, measuring changes in the value of information provided, changes in surrogate measures of user satisfaction, and changes in organizational performance. However, it is initially useful to consider several prior and perhaps more important questions:
1. What and whose purpose will the evaluation serve? Answers to the first question guide the nature and extent of evaluation approaches. Answers to the second question form the basis for assessing system effectiveness.
Evaluating MIS Effectiveness
Means to
In evaluating information systems, a hierarchy of system objectives needs to be considered, as shown in Figure 1 , that recognizes the multidimensional nature of system effectiveness. Performance measures to assess the accomplishment of objectives stem from the definition of task objectives, as illustrated in Figures 2 and 3 .
Assessments of system effectiveness in meaningful terms are frequently hampered by system objectives and performance measures which have been inadequately defined, which tend to be efficiency oriented and easily quantified, and which continually evolve. In many cases, it may be necessary to derive appropriate objectives and measures, as illustrated in Figure 4 for a Material Requirements Planning System. The actual assessment of system effectiveness may employ a variety of evaluation approaches, as shown in Figure 5 . The evaluation approaches may utilize objective or subjective means to measure accomplishment of objectives as shown in Figure 6 . The subjective assessments especially need to account for differing perceptions of system objectives, as well as the accomplishment of objectives.
While the formal evaluation approaches may provide objective measures, informal approaches to gaining perceptions of system effectiveness are necessary and helpful for calibrating the credibility of information on MIS evaluation. As one MIS executive noted, "1 talk to people in structured and unstructured situations up and down the line organization...to develop some kind of credibility check on the regular information flow," [13] . Management control of MIS will require multiple evaluation approaches to satisfy evaluative information requirements.
The subsequent article in the next issue of the MIS Quarterly will present a comparison of evaluator viewpoints and recommend ways to incorporate multiple viewpoints into evaluation approaches.
